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A BSTRA CT 
Nutritional status indicators of larvae o/ turbot Scophthalrnus maximus 
(I,., 1758) were investigated in feeding and starving turbo/. larvae,~~om hatching up lo 
an age qf 53 days. The study included the whole-larvae paramekzs of length, dry weight 
and rehtive condition; the organ-relaled charucteristic,s otolith diameter and inkstinal bis- 
tology; and the biochemical indicators fatty acids, ascorhic acid, RNA, IINA and total pro- 
tein. Starvation was started at day 3, 9, 16, 23 and 27, and .starved brvae wpre com- 
pared with feeding lnrvae jrom the .same rearing groufi. AJer onsrt of .starvation,, lif&L 
dropkts in the intestinal +ithrlial cells disappeared within 24 h. I,atq the ir$uencr o\ 
starvation nDo hecame apparent in most ojthe other indicator,s studied. Iiulative condition, 
decreased by about 5 Yo /day and relatiue otolith diameter increased ty about 5 %/day. A 
hi~stologicr~lly observed total disappearance o/‘ chylomirrons and lifid dro~~1rt.s in the ink- 
tina1 epithelial cells was in accordance with a drop in dry weight, protrin cont&, and the 
jktty acids 18: 10~9, 20:50-3 (EPA) and 0-3 HUlti (Highly Unsaturated Patty Acids), 
as well as the I?NA/DNA ratio in starvpd hrvae. Howevq mast of thp indicators .studird 
.showed such a high variation between individual ream’ng group.s th,at only the parameters 
lipid droplets in intestinal epithelial cells, relative condition and relative otolith diametw 
seem usejkl for detecting starvation in turbot larvae. 
K~J words: Larvae, nutrition, starvation, turbot, Scol>hthalmu.\ maximu.\, I’,ssctta 
maxima. 
Indicadores del estado nutricional de larvas de rodaballo Scophthalmus ma- 
ximus (L., 1758). 
Se han analizado diJerentes indicadores del estndo nutricional de 1arva.c de rodaballo 
Scophthalmus maximus (I,., 1758) alimentadas de hasta 53 dias (LP rdad y .se han cnm- 
parado con los de otras larvas sometidas a condiciones de inanición. I,».s indicadoxs e,stu- 
diados fumon longitud, peso seco, condición relativa lurvaria, diámetro del otolito, histo- 
logia digestiva de las lurvas, contenido en ciridos grasos, ricido ascórbico, RNA, DNA y 
proteínas. Los procesos de inanición se llevaron a cabo a los 3, 9, 16, 23 y 27 días de edad 
y los aná1isi.s de estas larvas @-ron comparados mn los de larvas alimentadas de las mi+ 
mas edade,s. Durante las primeras 24 horas dr inanición, 1a.s gotírulas 1i;lídicas en las 
células epiteliales desaparecen por completo del intestino. Ue@& la condición relativa 
disminuye aproximadamente el 5 % por dia y el dicimrtro relativo del otolito se inïremrn- 
ta PTT rl 5 Yo por día. Se producen tambikn disminuciona, en el psso .seco, el con,ten,ido pro- 
6 
leico, los nivrb de cicidm gra,ws 18: 109, 20:5w-3 (WA) y 1o.s dr olms cidos grasos alln- 
msnk in.salumrlo.s (w-3 HUPA), y en In wlacirín RNA/l~NA. Sin embargo, la mayoria dí: 
los inrlimdor~,s invdpdo.r muastmn una ah variación, incluso entru lar dislinlas fx$e- 
rien,cia.s de culli7~» realizadas, por lo que se concluyr! que 1~s gotkulas de lí$idos en las ïblu- 
la.~ r@,ilrlialrs dul inlsslinw, la condicicín rdaliva y el dicímetro rrlati7~0 del otolito son las 
únicas 7~~rialih gur pueden .ser útib para dslsclar un l>romso dc inanición cn larvas dr 
rorlahallo. 
Palabras clave: I,arva, nutrición, inanición, rodaballo, Scofihthalmus maximus, 
I>srtla maxima. 
INTRODUCTION 
Turbot Scophthalmus mnximus (Linnaeus, 
1758)) also named I?wtta mnximn (Linnaeus, 
1758), is considered one of the most 
promising species for marine fish-farming 
in Europe, and during recent years there 
has been an increase in the production of 
this species (Paulsen, 1989). One of the 
main problems in S. mnximus rearing is the 
production of high quality larvae. It is 
therefore important to know whether the 
larvae are developing normally and are in 
good nutritional condition. 
Malformations and malpigmentations 
are frequently observed in reared S. max- 
imus larvae, and could be related to nutri- 
tional deficiencies, since supplementing 
their diet with polyunsaturated fatty acids 
and vitamins seems to reduce these prob- 
lems (Reitan, Rainuzzo and Olsen, 1994). 
Severa1 studies have described the 
effects of starvation, but only a few compar- 
ative studies involving many indicators have 
been conducted (Segner et al., 1987; Segn- 
er and Braunbeck, 1988; Mani-Ponset el al., 
1994). A comparison of starvation indica- 
tors is important in order to get a better 
overa11 picture of the starvation process, 
and to select indicators of malnutrition for 
practica1 use in aquaculture. Asuitable indi- 
cator should be specific, so that starved lar- 
vae can be readily distinguishable from 
well-nourished ones. It should also be high- 
ly responsive, so that conditions can be 
improved before a point of no return is 
reached, and it should be practical, so that 
it can be used routinely. 
In the present study, results of changes 
during early development and effects of 
starvation have been obtained from simul- 
taneous measurements of a number of 
parameters previously reported to be affect- 
ed by starvation. These include length, dry 
weight, condition (Ehrlich, Blaxter and 
Pemberton, 1976), intestinal histology 
(O’Connell, 1976; Burkhardt and Storch, 
1989), otolith diameter (Rosenberg and 
Haugen, 1982; Secar and Dean, 1989), f"tty 
acids (Witt, Quantz and Kuhlmann, 1984; 
Tandler el aZ., 1989), ascorbic acid 
(Dabrowski, 1992), RNA and DNA (Buck- 
ley, 1979; Clemmesen, 1987), and protein 
(Korsgaard, 1991). 
MATERIAL AND METHODS 
Turbot larvae were reared under labora- 
tory conditions in Vigo, Spain and in large 
outdoor tanks in Hirtshals, Denmark. Lar- 
vae for laboratory rearing were obtained 
from the Vigo institute’s own broodstock 
(Forés el al., 1991). Two days after hatching 
larvae for laboratory rearing were trans- 
ferred to 2 500 or 10 000 1 cultivation tanks. 
The initial larval density varied from 20 to 
40 larvae/l. The larvae were initially fed the 
rotifers Bmchionus plicutilis (0. F. Müller, 
1768), followed by newly hatched San Fran- 
cisco Bay brine shrimp Artemia nauplii, at a 
concentration of 0.2-l A. nauplii/ml, from 
day 7, and by 24-h-old A. nauplii from day 
ll. The nutritional value of the food organ- 
isms was improved by addition of the unicel- 
lular algae Zsochrysis gulbann (Parke, 1949) 
and a commercial fatty acid supplement, 
Superselco (Artemia Systems, Belgium) . 
For rearing in outdoor tanks, 2-day-old 
larvae were obtained from commercial 
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hatcheries in Norway (Tinfoss Aqua) and 
Scotland (Golden Sea Produce). They were 
checked for viability before release into 
92-m% and 2 200-ms concrete tanks. Two 
weeks earlier the tanks had been emptied, 
cleaned and inoculated with phyto- and 
zooplankton (2-20 copepods/l). Larvae 
were added to a density between 0.1 lar- 
vae/l (92-m” tank) and 0.01 larvae/l 
(2 200-m” tank). The rearing technique 
used has been described in Paulsen and 
Andersen (1989). 
The effects of starvation were studied by 
transferring larvae to food-free conditions. 
Results from fed and starved larvae of the 
same rearing batch were compared. Trans- 
fer to food-free conditions occurred at five 
different ages: day 3 (end of yolk sac stage) , 
9,16,23 and 27. 
Starvation conditions in the laboratory 
system were achieved by cutting off the 
food supply to some tanks in a parallel 
series. In the outdoor tank system larvae 
were attracted by light during the night, 
and transferred -in water- to food-free con- 
ditions. Larvae were starved for a period of 
up to 7 days, with daily sampling for analy- 
sis. 
Length and weight measurements were 
based on samples of at least 20 larvae select- 
ed randomly from each batch, and record- 
ed for a total of flve rearings in the labora- 
tory system, and six rearings in the outdoor 
tank system. Length was measured as stan- 
dard length (k 0.05 mm) immediately after 
sampling using a low-power microscope. 
Weight was determined after drying for 
24 h at 60 “C (+ 0.05 pg). A length-weight 
relationship was calculated from a regres- 
sion of log weight on log length, for fed lar- 
vae. The relative condition of larvae was cal- 
culated as the measured weight multiplied 
by 100 and divided by the normal weight, 
calculated from the length-weight relation. 
Larvae sampled for otolith analysis were 
preserved in 70 % ethanol. Maximum 
otolith diameter was measured on a total of 
576 fed larvae and 256 starved larvae rep- 
resenting five batches, three in the labora- 
tory system and two in the outdoor tank sys- 
tem. Of the six otoliths, the two largest 
(sagittae) were removed and mounted in 
Eukitt synthetic resin. Otolith measure- 
ments were made using a compound micro- 
scope equipped with a video monitor, at 
X 400 magnification. 
Samples for intestinal histology were 
processed and fixed immediately for use in 
transmission electron microscopy, and stud- 
ied as described by Segner et al. (1987). 
Samples for biochemical analysis were 
stored at -80 “C until they were freeze- 
dried. Fatty acids were quantitatively 
analysed by gas chromatography, as 
described by Léger, Bengtson and 
Sorgeloos (1989). For lipid extraction, the 
procedure of Ways and Hanahan (1964) 
was used. Esterification was done according 
to Lepage and Roy (1984). Ascorbic acid 
was quantitatively analysed using liquid 
chromatography, as described by Nelis, 
Sorgeloos and De Leenheer (1997). Total 
protein was determined according to Brad- 
ford’s method (1976). RNA and DNA were 
determined according to the method of 
LePecq and Paoletti (1966), later modified 
by Karsten and Wollenberger (1972, 1977). 
Statistical analysis 
The non-parametric Wilcoxon’s signed 
rank test was chosen to avoid problems due 
to deviations from a normal distribution of 
the data. Possible general differences 
between fed and starved larvae were tested 
by the use of the non-parametric Kol- 
mogorov-Smirnov two-sample test. Differ- 
ence in length and weight between fed and 
starved larvae were tested using the Mann- 
Whitney U-test. Statistical analysis and 
regressions were performed with SYSTAT 
computer software. 
RESULTS 
Length-weight 
A length-weight relation of log length 
(log L) to log weight (log W) produced a 
8 
good fit (r2 = 0.98) to a linear regression 
model with the equation: 
10gW (mg) = 3.74 X @L (mm) - 3.48 
(n = 2 217, r-2 = 0.98) 
The weight growth rates for the individ- 
ual batches, calculated as specific growth 
rates (%/day) over the rearing period, are 
shown in table 1. 
Four laboratory rearings and four of the 
outdoor tank rearings included starvation 
periods. The effect of starvation on length 
and weight growth from day 16 and 23 in an 
individual experiment is shown in figure 1. 
During starvation the larvae rapidly started 
losing weight, whereas length seemed to 
remain constant. The relative condition, 
therefore, declined (figure 2). The confi- 
dente limits (95 %) of the regression line 
show that the decline in relative condition 
is significant after 2 days of starvation. The 
decline is on the order of 5 %/day, being 
dependent upon factors such as age and 
temperature. Since the relative condition 
declined during starvation, it was investigat- 
ed whether the natural differences in 
growth rates among individuals in a batch 
also produced differences in relative condi- 
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tion. The results showed no indication of a 
lower relative condition in the slow-growing 
larvae. 
Otolith diameter 
The otolith diameter-body weight rela- 
tionship could be described with a linear 
regression model. Differences between 
batches were significant, with larvae from 
the slowest-growing batch having larger 
otoliths in terms of length than larvae from 
faster-growing batches. The relative otolith 
size was calculated as the difference (in %) 
between the normal otolith diameter from 
the diameter-length regression, and the 
observed diameter. During starvation 
otolith growth was reduced, but the reduc- 
tion was less than the reduction in length 
growth. The otoliths consequently became 
relatively larger in starving larvae, com- 
pared with feeding larvae of the same size, 
at a rate of approximately 5 %/day of star- 
vation (figure 3). It was, therefore, decided 
to study whether the slow-growing fish in a 
batch also showed signs of starvation in the 
form of relatively larger otoliths. Figure 3 
shows regressions of otolith diameter at 
Tahle 1. Mean specific weight growth rate (%/day) for five intensive laboratory and six outdoor tank 
rearings of turbot larvae. Length and weight growth tate (%/day) for fed and stdrved larvae. Samples 
of 20 larvde 
Batch Sampling Tola1 number Weight growth Starvation period Length growth Weight growth 
(code) period of larvae (%/day) (%/day) (%/ddy) 
(days) sampled (days) Fed Stdrved Fed Starved 
Lab. 5 o-1 1 160 7.7 3-7 3.4 0.6 12.8 -6.8 
9-11 -1.0 1 .o 0.0 -3.1 
Lab. 12 o-25 220 21.2 16-21 7.5 4.3 31.1 8.1 
Ldb. 13 9-21 180 29.6 16-19 5.4 -2.6 23.1 -27.0 
Lab. 53 O-25 200 22.6 16-20 5.7 0.4 25.7 0.0 
Lab. 69 o-12 220 20.2 
Tdnk 3 1 O-35 380 14.1 16-20 2.3 -0.9 7.5 -7.5 
27-35 4.7 1.7 11.9 -0.8 
Tdnk 4 o-7 100 7.4 3-7 3.4 1.2 68.5 3.5 
Tank 5 5-28 120 41.7 16-18 12.3 0.0 48.2 -3.4 
23-28 6.1 0.4 16.3 -5.1 
Tank 6 10-14 80 12.9 
Tank 7 3-53 180 10.5 
Tank 8 4-20 180 17.1 
Figure 1. Effect of starvation on tur- 
bot larvae. Length at age (-) and 
weight at age (...) + SD for 210 fed 
(F) and SO starved larvae (S) from 
tdnk rearing 5. Starvation from ddy 
16 and day 23 
- 70 c 
- 65 g 
60 .$' 
55 g 
50 
45 
- 40 
35 
- 30 
.- 25 
- 20 
- 15 
10 
-5 
-0 
25 30 
Age (day 
length for feeding and for starving larvae, 
and for feeding larvae at different ages. 
The results show that starving larvae have 
larger otoliths than feeding larvae of the 
same length. Calculation of comidence lim- 
its (95 %) for the regressions shows that the 
difference is significant. The results also 
show that for fed larvae of the same length, 
the oldest = slowest-growing larvae have 
larger otoliths than the youngest = fastest- 
growing larvae. 
As an example, it can be observed (fig- 
ure 4) that larvae reaching 19 mm at day 
21 have a mean otolith diameter of 245 pm, 
whereas larvae reaching 19 mm at day 
28 have a mean otolith diameter of 280 Pm. 
Figure 2. Kelative condition of 
stdrved turbot larvae. Mean values 
from four rearings in laboratory 
intensive system and two rearings in 
outdoor tanks. Starvation started at 
day 9, 16, 23 and 27. Regression line 
with 95 % confidente limits based 
on 33 mean values from a total of 
600 larvae. Relative condition: 
-0.052x days + 0.98; r-2 = 0.40 
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Intestinal histology 
Using histological criteria, the intes- 
tine can he divided into midgut, hindgut 
and rectum (Stroband, Meer and Timmer- 
manns, 19’79; Segner el al., 1987). The ultra- 
structure of the intestinal epithelial cells 
was described by Segner et nl. (1994). Signs 
of starvation are most evident in the 
midgut, the first part of the intestine 
proper. 
The present study was therefore restrict- 
ed to this part. 
and lipid droplets in the absorptive epithe- 
Thi 
lia1 cells (figure 5). The former were seen 
midgut of fed larvae was charac- 
terised 
predominantly in small vesicles and cister- 
nae of the endoplasmic reticulum, as well as 
by lipid particles (chylomicrons) 
in vacuoles of the Golgi apparatus and in 
the basolateral intercellular space. Where 
they occurred in high number, they were 
accompanied by lipid droplets, which were 
not membrane-bound. Areas which were 
fixed before the food bolus passed through 
did not show signs of lipid absorption. 
Figure 3. Mean otolith diameter of 
starved turbot larvae as percentage 
of diameter in fed larvae of same 
length. Larvae from laboratory rear- 
ing: Batch 53 day 16 (0) , batch 12 
day 16 (O), and from outdoor 
tanks: Batch 3 day 16 (A), batch 3 
day 27 (W) and batch 5 day 16 (A). 
Total 576 fed larvae and 256 starved 
larvae 
0 5 10 15 20 25 30 35 
Standard length (mm) 
Figure 4. Regressions of otolith 
diameter on larval standard length 
from outdoor tank batch 5. Num- 
bers indicate endpoints of length 
range for larvae of same age. E.g. 
28-28 shows regression of 28-day- 
old larvae between ca. 17 mm and 
29 mm. Total 183 fed larvae and 
79 starved larvae 
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Figure ‘7. Concentrations of fatty 
acids in fed and starved turbot lar- 
vae frorn outdoor tank rearings. 
18:lw-9: (A): fed, (n): starved; 
20:5cu-3 (EPA): (*): fed, (0): 
starved; 0-3 HUFA: (m): fed, (17): 
starved 
The resuhs indicated a decline from a leve1 presented in figure 9, The con~ent~at~on of 
of 400-600 pg ascorbic acid/g dry weight at RNA and DNA seemed to decline gradually 
hat,ching to less than 300 pg ascorbic after day 7, while the concentration of pro- 
acid/g dry weight after day 3 (figure 8). tein remained relatively constant. 
Comparing starving and feeding larvae 
from the same rearing group and age 
RNA, DNA and protein showed a general tendency for a higher con- 
centration of all three substances in starving 
The concentration of RNA, DNA and larvae, but the difference was not. significant 
protein expressed as mg/g dry weight are (Wilcoxon’s signed rank test p > 0.05). 
Statvation (days) 
Figure 8. Concentration of ascorbic 
acid in starved turbot larvae: (Ll): 
outdoor tank, (0): laboratory rearing 
Figure 9, Concentrations of RNA, 
DNA and protein in fed and starved 
turbot larvae from outdoor tank 
rearings. Protein: (AL): fed, (LI): 
starved; RNA: (0): fed, (0): 
stdrved; DNA: (W): fed, (0): starved 
DISCUSSION 
Growth 
0 5 10 15 20 25 30 35 
Age WW 
The length-weight data showed highly 
variable growth between batches, with a 
tendency to higher variation in the outdoor 
tanks than in the laboratory system (table 
1). The differences may be caused by differ- 
ences in food availability, food quality, tem- 
perature and other unknown factors. These 
results are in good agreement with the 
results of other investigations. 
In outdoor tanks, Paulsen and Andersen 
(1989) observed a growth rate of 20-34 
%/day at day 4-31, and Danielsen, Haugen 
and @estad (1990) of 32-36 %/day at day 
2-37 and 51 %/day at day 14-17. In labora- 
tory culture, Olesen and Minck (1983) 
observed a growth rate of 35 Yo/day at day 
2-10 and 26 %/day at day 10-24; Gatesoupe 
(1990) of 29 %/day at day 3-10; and Stot- 
trup and Att~amadal (1992) of 18-30 %/day 
at day 2-13. 
Also within the individual batches, there 
was a high variation in growth rate between 
fast-growing individuals and slow-growing 
individuals. As an example of this, figure 4 
shows that fast-growing individuals had a 
body length almost twice that of slow-grow- 
ing individuals sämpled the same day. Cal- 
culation of relative condition for fish from 
slow-growing rearings and fast-growing 
batches, and for slow- and fast-growing indi- 
viduals in the same batch, provided no indi- 
cation that slow growth was associated with 
a reduction in relativc condition. Larvae 
subject to starvation showed a reduction in 
relative condition of ahout 5 %/day (figure 
2), suggesting that fish larvae experiencing 
food shortages generally get smaller, but 
maintain their condition, probably until 
food intake approaches the requirements 
for basic metabolism. Calculation of rela- 
tive condition may therefore be useful for 
identifying starvation or serious food depri- 
vation. 
Otolith diameter 
The results showed a high correlation 
(r2 = 0.98) for a linear relationship between 
otolith diameter and standard length of the 
larvae. The relationship was, however, dif- 
ferent for the different. batches, with the 
slowest-growing batch having the largest 
otoliths in terms of length. In order to 
observe deviations in otolith length, a rela- 
tive otolith size was calculated as the differ- 
14 
ence in % from the diameter at length 
regression models. In starved larvae, an 
increase on the order of 5 %/day could 
already be observed after 1-2 days starva- 
tion (figure 3). Within a batch or a cohort 
of larvae there were normally considerable 
differences in individual growth rates. 
When the results of slow- and fast-growers 
were compared, the former had relatively 
larger otoliths (figure 4). The results, there- 
fore, seem to support recent reports of 
growth effects on otolith diameter, where 
slow-growing fish have relatively larger 
otoliths (Secar and Dean, 1992). 
Severa1 explanations for this relation- 
ship between otolith size and somatic 
growth rate have been suggested. 
Mosegaard, Svedang and Taberman (1988) 
and Wright (1991) suggested a relationship 
to metabolism in general, whereas Secar 
and Dean (1992) suggested that otolith 
growth relates to age. The present study 
showed that even during starvation there 
was otolith growth, while body length 
remained constant and weight declined. 
Otolith size was therefore related to metab- 
olism, and calculation of relative otolith 
size may be useful for evaluation of past 
growth rate or recent starvation. 
Intestinal histology 
The first part of the intestine is known 
to absorb nutrients (Segner el nL, 1987; 
Burkhardt and Storch, 1989). The first 
signs of starvation of cod Gadus morhun L., 
1758 larvae are also found in this part of 
the gut (Kjorsvik el al., 1991). The restric- 
tion of the lipid droplets and chylomicrons 
to the area where the food bolus just passed 
by can be explained by the quick reaction 
of these specialised intestinal absorptive 
cells. When the lipids are transported to the 
lymph and blood vessels, the cells are again 
in a state of no absorption activity. 
The ultrastructural changes that were 
observed in the first part of the intestine of 
starved S. maximus larvae seem to be similar 
to observations of other species during food 
deprivation (Gas and Noailliac-Depeyre, 
1976; Segner et al., 1987; Burkhardt and 
Storch, 1989; Kjorsvik et al., 1991). The first 
sign of starvation is the reduction in lipid 
droplets and chylomicrons; this is in accor- 
dance with the drop in lipid and dry weight 
of stdrved larvae. With ongoing starvation, 
a fragmentation of the epithelial microvilli 
leads to a reduction of the absorptive sur- 
face (Burkhardt and Storch, 1989) and 
often to a decrease in enzyme activities (Gas 
and Noailliac-Depeyre, 1976). A decrease of 
the height of the intestinal epithelium dur- 
ing starvation has also been confirmed by 
image analysis (McFadzen, Lowe and 
Coombs, 1994). Further, an increase in lyso- 
somes, their enlargement and content of 
electron-dense debris was often observed 
which indicates an increased turnover of 
cellular components in starved carp. The 
association of lysosomes with myelin-like 
whorls was described by Gas and Noailliac- 
Depeyre (1976). The widening of the intra- 
cellular space and condensation of the cyto- 
plasm goes along with the observed change 
in the ratio of protein and DNA, indicating 
a decrease in ce11 volume. An invasion of 
macrophages and lymphocytes in the 
intestinal epithelium was observed under 
starvation conditions as well as under 
pathological conditions, pointing to an 
inflammatory reaction. 
Quantification of histological and cyto- 
logical criteria to assess the nutritional sta- 
tus can be done morphometrically 
(McFadzen, Lowe and Coombs, 1994; Hall 
and Bellwood, 1995). However, since this is 
rather expensive in terms of time and hard- 
ware, we suggest a qualitative histological 
evaluation of the midgut of starved larvae 
based on ordinary light microscopy. The 
best method is probably application of his- 
tochemical lipid detection in cryostat sec- 
tions, as described by Segner and Braun- 
beck (1988). 
Fatty acids 
The fatty acid composition in newly 
hatched larvae reflects the content in the 
eggs, which again is determined by mater- 
nal nutrition (Chou ei ah, 1993). During 
larval development some general tenden- 
cies could be observed, but it should be 
noted that the rearing conditions and 
growth rates also influente fatty acid com- 
position. The first week of development is 
characterised by the consumption of the 
yolk sac and relatively passive feeding on 
small live food. Later the fatty acid compo- 
sition is primarily determined by the com- 
position in the food. During the first week a 
decrease in the lipid content was observed, 
with the possible exception of 20:4cu-6, 
which seemed to be maintained. The litera- 
ture generally reports a decrease in 18:1&9, 
whereas the results for other lipids are con- 
flicting (Witt, Quantz and Kuhlmann, 1984; 
Rainuzzo, Reitan andJ@rgensen, 1992). 
Comparing fed and starved larvae, the 
results showed a general tendency for 
reduced lipid content in the stdrved larvae. 
For 18:1w9, EPA and HUFA there was an 
overa11 signi~cant difference between fed 
and starved larvae (p < 0.05) (figure?). 
Comparing fed and starved larvae from the 
same batch and day, the difference was also 
signi~cant for 18:3w-3, 20:4w-6 and 
DHA/EPA. Since at this time the protein 
content was relatively constant (see below), 
it indicates that lipids are the prime source 
of energy during this period. Lipids are the 
most efficient nutrients for supplying ener- 
gy for movement, and during early postlar- 
val development the intestinal epithelium 
serves as a fat depot (Tanaka, 1972). 
Generally it seemed that o9 loss was 
higher than c0-6 loss in S. maximus larvae, 
and that the essential fatty acids were con- 
served under starvation. Our flndings coin- 
cide with the earlier results of Tandler et al. 
(1989) on red seabream Pagus m@r (Tem- 
minck and Schlegel, 1843). 
The DHA/EPA ratio showed a clear 
increase during starvation, indicating that 
DHA is better conserved than EPA; this may 
be due to selective incorporation of this 
essential fatty acid into membranes and 
neural tissues (Sargent et ul., 1993). The 
conservation of DHA under starvation con- 
ditions has also been shown for cod (Fraser, 
Gamble and Sargent, 1988). 
RNA, DNA and protein 
In feeding larvae, the concentration of 
protein, DNA and RNA dropped (figure 9)) 
probably indicating synthesis of relatively 
higher amounts of non-protein substances 
during ossification. 
The ratio of protein to DNA is a meas- 
ure of the relationship between cell mass 
(total protein) and ce11 number (DNA). 
The increase observed for feeding larvae in 
the protein/DNA ratio indicates that larval 
growth from days 20-30 is primarily a result 
of an increase in cell volume. During pro- 
longed starvation (day 21, day 28 and day 
30) this ratio decreased, indicating that ce11 
mass is reduced compared with feeding lar- 
vae. This observation is in accordance witb 
reports by Clemmesen (1987) on turbot lar- 
vae and by Raae el al. (1988) on cod larvae. 
Expressing results in terms of the 
RNA/protein ratio is assumed to give an 
index of protein synthesis intensity (~c~il- 
lan and Houlihan, 1992). Thus, high con- 
centrations &f RNA will result in a greater 
stimulation of protein synthesis, leading to 
an increase in body protein deposition, 
and, consequently, in growth. A gradual 
decrease in the RNA/protein ratio was 
observed after termination of the yolk sac 
phase. Starvation may change activity as 
well as numbers of ribosomes in a cell. 
The RNA/DNA ratio has been used as 
an indicator of starvation. A ratio of 2.5 for 
larvae older than 20 days has been suggest- 
ed as critica1 (Clemmesen, 1987). In the 
present study, stdrved .y. maximus larvae sub- 
ject to prolonged starvation (day 7, day 21, 
day 28 and day 30), showed indications of a 
lower RNA/DNA ratio than fed larvae. The 
results thereby support results obtained by 
Clemmesen (1994) on herring Clupea 
~Lar~~~L~~ L., 1758 larvae. 
The differences found in our study were 
not statistically significant. This may be 
attributed to the limited number of obser- 
vations available. 
The present investigation has shown 
such a high natural variation in most of the 
parameters that their value as indicators of 
starvation seems to be limited. Histological 
evaluation, relative otolith diameter and 
relative condition seem to be the most use- 
ful for identification of starved larvae from 
an ui~known sample. 
It is recommended that system- and 
species-specific referente values be estab- 
lished for larvae of commercially important 
fish species. The values should relate 
growth rate to temperature, condition, 
otolith size, total lipid content., w-3 HUFA 
content and 18:lo-cf content. Individ~~al 
batches of larvae should be compared to 
these referente values for early detection of 
deviations from normal devefopment in 
order to improve rearing methodologies. 
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